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Acd-PMO
As-made material of Acd-PMO was heated under a tetraethyl orthosilicate atmosphere at 120 o C overnight.
The obtained powder was washed with ethanol several times and stirred in a 9:1 NaHCO 3 (0.1 M) and NaCO 3 (0.05 M) mixed aqueous solution (v/v, pH 8.9) at room temperature for 24 h. The pH of the obtained suspension was adjusted to 7 by addition of an aqueous HCl solution and then the dispersion was added to ethanol and stirred at room temperature overnight. The precipitated solids were collected by filtration and dried at room temperature.
MeAcd-PMO
Docosyltrimethylammonium chloride (C 22 TMACl，4.5 g) was dissolved in a mixture of water (900 g), EtOH (540 g), and ammonia solution (15 mL, 28 wt%). An ethanolic solution (2.6 mL) containing BTEMeAcd (0.115 g/mL) was added dropwise to the mixture with vigorously stirring. The reaction was allowed to proceed for 24 h at room temperature under stirring and the precipitated solids were collected by filtration and dried at room temperature. The solid (0.5 g) was added to ethanol (100 mL) containing 2 M hydrochloric acid (1 mL) and stirred overnight at room temperature for surfactant removal. 
Adsorption of Ru-Re in
General Measurements
1 H NMR and 31 P NMR were measured using a JEOL AL300, AL400, or ECX400 system. Electrospray ionization-mass spectroscopy (ESI-MS) was performed with a Shimadzu LCMS-2010A system using MeCN as a mobile phase. UV-vis absorption spectra were measured using a JASCO V-565 spectrophotometer, which was equipped with an integral sphere unit for diffuse reflectance measurements, and BaSO 4 was used as a standard. FT-IR spectra were acquired in MeCN or KBr pellets using a JASCO FT/IR-610 spectrometer.
Emission spectra and emission quantum yields were recorded using an absolute photoluminescence quantum yield measurement system (Hamamatsu photonics, C9920-01, 02). The emission quantum yields ) by sonication and purged with Ar for 30 min before emission measurements.
Powder X-ray diffraction (XRD) patterns were acquired using a MiniFlex600 instrument equipped with a CuKα X-ray source (Rigaku). Nitrogen adsorption/desorption measurements were conducted at 77 K using a BELLSORP-miniII analyzer (Bell Japan). The Brunauer-Emmett-Teller (BET) surface area was calculated using adsorption data for relative pressures ranging from 0.08 to 0.2. Pore size distributions were calculated using the density functional theory (DFT) method (DFT kernel: N 2 at 77 K on silica, cylindrical pores, nonlinear density functional theory (NLDFT) equilibrium model). Pore volumes were calculated from adsorption branches of isotherms using the t-formula. The total numbers of photons absorbed (n abs (total)) and emitted by Ru-Re/Acd-PMO (n em (total)) during emission measurements were counted using an absolute emission quantum yield measurement system and an integral sphere. 8 The number of absorbed photons by each component were estimated using the following equations.
Calculation of the absorbed and emitted photons by
n abs (Acd) = n abs (total) × A Acd (S1) n abs (Ru-Re) = n abs (total) × A Ru-Re (S2)
The total number of photons emitted by Ru-Re/Acd-PMO (n em (total)) was divided into emission contributions for each component (n em (Acd) and n em (Ru-total)) by global fitting analysis of the emission S5 spectra of Ru-Re/Acd-PMO ( Figure S10 ), and the total number of photons emitted by Ru-Re in the hybrid (n em (Ru-total)) was divided into excitation contributions for Acd and Ru-Re units (Scheme S1).
For direct excitation of Ru-Re units, the number of photons emitted by Ru units (n em '(Ru)) was calculated using the emission quantum yield of Ru-Re/Acd-PMO under excitation at 460 nm ( Ru-Re = 0.109) (eq. (S4) ). On the other hand, the number of photons emitted by Ru units via energy transfer from Acd to Ru units (n em (Ru)) was estimated by substrating n em '(Ru) from n em (Ru-total) (eq. (S5)).
These calculated values provided quantum yields for the emission of the excited Ru units produced via energy transfer from the Acd units ( hybrid (Ru)) using eq. (1), as described in the main manuscript. 
Photocatalytic reactions
The hybrid material (1 mg) was dispersed in a DMF-TEOA (5:1 v/v, 4 ml) mixed solution containing BIH (0.1 M). The suspension was introduced in an 11-ml pyrex-glass tube and gently bubbled with CO 2 for 30 min. The suspension was irradiated at 405 nm using a 500 W high-pressure mercury lamp and solution filters comprising 1% NaNO 2 in H 2 O (w/v) and 0.75% I 2 in CCl 4 (w/v). The reactor was cooled using tap S6 water during the irradiation. Gaseous products (CO, H 2 ) were analyzed using a GC-TCD instrument (GL science GC323) equipped with an active carbon column. The liquid product HCOOH was analyzed using a capillary electrophoresis system (Otsuka Electronics Co. CAPI-3300). Figure S1 . Powder XRD patterns of (A)Acd-PMO and (B)MeAcd-PMO. observed at 500 nm (excitation wavelength: 401 nm). Tables   Table S1 . The turnover number was calculated based on the metal complex used. Ru-Re/Acd-PMO 22 45
S7
II. Figures
Ru-Re/MCM-41(I) 24 43
Ru-Re/MeAcd-PMO
18
Ru-Re/ MCM-41(II) 7.5 17
[a]
The Stern-Volmer constants obtained from the Stern-Volmer plots ( Figure S17 (E)).
[b]
Quenching efficiency of the emission from Ru-Re in the hybrids using 0.1 M of BIH.
